The Marine National Park "Green" Zone (500 m radius) where no fishing or anchoring is Due to the offshore location of Flinders Reef, access is limited and it is partly protected from 153 nearshore environmental impacts such as poor water quality [3] , but remains subject to 154 potential climate change influences and pressures from direct use. Additionally, the offshore 155 location likely promoted the development of its rich coral community, comprising 125 156 species [1, 4, 5, 31] . Flinders Reef is on the southern distribution range of many tropical coral 157 and fish species including Acropora spp. and Labridae [3, 5, 9] . Ten survey sites were established at 5-10 m depth within the green zone (Fig 1) . Four of the participants were required to be certified rescue (or equivalent) divers and qualify as Reef 175 Check Australia divers by achieving a score of ≥85% on a theory exam, ≥95% on an in-water 176 species identification exam and passing a practical in-water survey skills test. Eventually, 44 177 divers conducted the surveys and mapping, and ongoing training and quality control was 178 conducted by the trainers throughout the project's duration. Collected survey data underwent 179 quality control for errors and inconsistencies via reviews of datasheets in the field and during 180 data entry. If discrepancies were identified, recorded data was compared to survey 181 photographs taken by the divers. health impact, invertebrate and fish indicator categories (S1 Table) . At each site, surveys consolidated into larger groups for visualisation purposes (S1 Table) . Differences between autumn and spring surveys were tested using a Student's t-test based on 241 the overall mean of measurements for the four survey types, i.e., substrate, reef impact, 242 invertebrate and fish. No significant differences across seasons were found, therefore, 243 measurements were averaged across seasons (S2 Table) . Measurements per survey type were 244 then averaged across seasons and the four segments representing the site. The majority of 245 surveyed reef impacts specifically affect corals and hence an area with high coral cover is 246 likely to have inherently greater impact abundance. To allow comparison of reef impact 247 abundance between sites of varying coral cover, reef impact abundance was normalised to 11 248 percent hard coral cover. Impact, invertebrate and fish group abundance was calculated per 249 100 m 2 .
251
Multivariate analyses to assess coral community composition 252 Further analyses focusing on coral community composition were based on only the seven 253 hard coral and four soft coral categories monitored (S1 Table) , as responses in coral There was no significant difference in the overall mean of measurements for the four survey 306 types between autumn and spring at Flinders Reef (p > 0.050, S2 Table) . Therefore, results 307 were pooled across the two seasons. Across all survey sites, the most common group identified in the substrate composition 310 survey was rock with an average cover of 37.0% (per 100 m 2 ), followed by hard coral 311 (33.3%) and soft coral (10.0%). The maximum and minimum hard coral cover was recorded 312 at Coral Garden (66.9%) and Plate (14.0%), respectively ( Fig 3A) . Overall, the number of reef impacts detected was low ( Fig 3B) . The most common impacts 322 observed were coral physical damage (average of 0.12 occurrences per 100 m 2 ) followed by 323 coral disease and unknown scars (both averaged 0.08 occurrences per 100 m 2 ). Turtle
324
Cleaning and Arus Bale exhibited the greatest prevalence of impacts, driven by coral physical 325 damage and also coral disease at Arus Bale. Three reef impact categories were not observed: Fish community composition was largely dominated by butterflyfish which were recorded at 346 each of the ten sites ( Fig 3D) , and a total of 524 individuals were counted during the surveys.
347
On average, 6.12 butterflyfish were recorded per 100 m 2 ranging from 2.62 at Donna to 12.10 Coral community analysis 357 There was 89% dissimilarity found in coral community composition between Coral Garden 358 (Cluster 1) and the remaining sites (Cluster 2) (p = 0.016, Fig 4A) . Within Cluster 2, a 359 dissimilarity of 58% separated the northwestern sites (Turtle Cleaning and Plate) from the 360 others; however, this clustering pattern was not significant. The nMDS ordination plot (stress 361 = 1.74%) indicated that Cluster 1 was dominated by branching corals (Fig 4B) representing Wave exposure and community composition 378 Sites located on the northwestern side of Flinders Reef were the least exposed to waves.
379
Significant wave height was 0.9 m for Turtle Cleaning and Plate, and 1.2 m at Coral Garden 380 ( Fig 5A) . Wave heights for the seven remaining sites varied between 1.5 and 1.6 m (Fig 5A) .
381
The median significant wave height across all sites was 1.54 m, separating the less exposed 382 sites (located west to north of Flinders Reef) from the more exposed sites (east to south), 383 forming two groups. There was a positive relationship between wave exposure and the 384 proportion of encrusting corals (HCE, p < 0.001) and soft coral zoanthids (SCZ, p = 0.008), 385 and a negative relationship with leathery soft coral (SCL, p = 0.021) ( Fig 5B) . Fragile hard 386 corals (HCF, HCP and HCBR) and soft corals (SC) were associated with lower wave 387 exposure, while more robust hard coral types (HCM, HC and HCE) were associated with 388 higher wave exposure ( Fig 5C) . groups with the non-metric multidimensional scaling plot ( Fig 3C) . Each dot represents a 20 397 m survey segment within a site.
399
There was a significant contribution of site (p < 0.001) and wave height (p < 0.001) to coral 400 community composition ( previous survey of subtropical anemones found that abundance was significantly higher on 458 leeward reef sites compared to those that were more exposed [55] . Though reefs. Additionally, inclusion of tropical species in these surveys will be increasingly The FREA citizen science project brought together a range of community members and 515 partners to document the healthy status of a high-latitude reef, Flinders Reef, with coral cover 516 at some sites comparable to locations on the Great Barrier Reef. This study highlights the 517 value of citizen science as an approach to complement traditional scientific and management 518 approaches, as well as engaging local community members to learn about and take active 519 steps to care for local environments. The volunteer support of over 10,000 hours, 500 dives, 520 44 trained divers and community-funded investment falls outside the standard resource 521 capability of marine park management. The project also facilitated a number of opportunities 522 for local divers to learn more about reef ecology, and enhanced community support, 523 understanding and project ownership through a range of communication tools including a 524 technical report, coffee table photo book, posters, television segments and community events.
525
The study offered a platform for constructive discussions and applications around the 526 monitoring, management and stewardship of Flinders Reef into the future. 
